The evaluation of seed physiological quality can help taking quick decision about the use or disposal of lots for conservation. The tetrazolium test is one of the most traditional in the analysis of seeds quality. Optional preconditioning procedures have improved the efficiency of this test. This work compared the efficiency of different preconditioning procedures, the buffered solution, concentrations and exposure time to tetrazolium solution in assessing the quality of orchid seeds of Cattleya labiata and Cattleya tigrina lots. The analysis was made through magnification of digital images. For preconditioning evaluation, two seed lots were aliquoted and submitted to different treatments: 10% sucrose solution, 10% glucose solution and water at room temperature for 24 hours. After preconditioning, seeds were immersed in tetrazolium solutions -prepared with buffer or water -at concentrations of 0.1, 0.5 and 1.0% for periods of 3, 12 and 24 hours, at 40 °C, in a water bath, in the dark. The experiment design was arranged in a factorial 4x3x3x2 and the mean comparison was made by Tukey test at 5% probability. Tetrazolium test in preconditioned orchid seeds allowed better visualization of red viable seeds. Tetrazolium test in orchid seeds preconditioned in glucose 10% solution or sucrose 10% solution was more effective for viable seeds visualization. Diluting tetrazolium salt in buffered solution or water made no difference for the results. Maintaining seeds in contact with tetrazolium 1% solution for 24 hours provided the higher viability values for both seed lots.
Introduction
Orchids (Orchidaceae family) are the second largest plant group among Angiosperms, ranged in more than 26,000 species belonging to 736 genera (Chase et al., 2015) . Present in every continents -except Antarctica -and particularly numerous and diverse as epiphytes in the humid tropics, orchids have long fascinated researchers for its remarkable survival strategies, floral and vegetative morphology and pollination syndromes (Fay and Chase, 2009 ). Still, orchids face an uncertain future due to the existence of a growing number of unconscionable collectors, the climate change impacts and the loss of their habitats (Swarts and Dixon, 2009) . Despite the progress of plant conservation through the use of in situ and ex situ protective strategies in botanical gardens and seed banks, new approaches are needed for some of the most endangered species. Ex situ seed conservation strategies, such as in vitro storage and cryopreservation, can complement in situ strategies and ensure the biodiversity preservation of species whose habitats are very threatened (Reed et al., 2011) . The establishment of a genetic bank through seed storage is extremely important, both for wild species, that carry their own characteristics, and for breed species (Yam et al., 2009) . To test the viability of seeds to be stored in banks, or those that have been already stored for a period, samples must undergo viability tests. Therefore, one of the possibilities is germination test, which determines the seeds germination potential (Carvalho and Nakagawa, 2012) . However, this technique shows limitations related to lots differentiation, delay in obtaining results (Custódio, 2005) and, particularly for orchids, requires a long period of time, specialized techniques and elevated implementation costs. This is because orchid seeds need to establish a relationship with mycorrhizal fungi and / or use an appropriate culture medium to germinate (Alvarez-Pardo and Ferreira, 2006) . Time required for symbiotic germination can vary between one and a few months or even a year, depending on the species and the seeds lot (Rasmussen, 2011) , as well as the ability of a particular isolated fungus to induce germination (Bertolini et al., 2011) . The use of rapid tests in verifying seeds quality is mainly important to speed decisions up about the management of lots during post-harvest stages. Tests that require short periods are related to the initial deterioration events, and are based on cell membranes integrity and in the reduction of seed enzymes and respiratory activity, like tetrazolium test (Marcos Filho, 2015) . This test has been an interesting alternative for its quality and speed in determining seeds viability and vigor, generally allowing results achievement in less than 24 hours (Dias and Alves, 2008) .
In commercial crops, such as soybeans, beyond enabling the evaluation of seed lots viability and vigor, the tetrazolium test provides data about the possible causes responsible for the reduction of its quality: mechanical and moisture damage, and those caused by bugs, which are the most common problems that affect the physiological quality of seeds. Furthermore, drying damage, water stress and frost can also be easily identified by its use. The possibility of a broad diagnosis has been largely responsible for the high adoption of this test in Brazil, because besides pointing quality reduction problems of seeds, the test can identify the origin of these problems when applied at various stages of the production system, allowing corrective actions and resulting in the production of high quality seeds (França Neto, 1998) . Tetrazolium test is based on the detection of dehydrogenase enzymes activity, in particular malic acid dehydrogenase, that reduces 2,3,5 triphenyl tetrazolium chloride salt in seed living tissues, which in turn transfers hydrogen ions to the salt (Marcos Filho, 2015) . When seeds are immersed in tetrazolium solution, it diffuses through the tissues, promoting the reduction reaction in living cells. It results in the formation of a red compound, not diffusible, known as trifenilformazan. Such coloration indicates the occurrence of respiratory activity in mitochondria and, consequently, the viability of the tissue. Dead tissues (not viable) do not react with the solution, maintaining their natural color (Lazarotto et al., 2011) .
There are some procedures, known as preconditioning, that facilitate the penetration of tetrazolium solution into the tissues to be evaluated. Many preconditioning treatments have been used in seeds of forest species, such as cutting, scarification and soaking in water (Oliveira et al., 2001; Mendonça et al., 2006) . According to Hosomi et al, (2011) , the comparison between in vitro germination rates of various species of the genus Cattleya with the results obtained by tetrazolium test applied to seeds submitted to preconditioning in a 10% sucrose solution, showed similar viability rates, demonstrating the importance of using sucrose solution for preconditioning. Custódio et al. (2016) obtained similar results for Dactylorrhyza and Vanda; the same has been described for Aerides maculosum (Deepti et al., 2013) and Aerides ringens (Deepti et al., 2015) .
According to Custódio et al. (2016) , using vacuum increased the tetrazolium solution infiltration into orchid seeds of Dactylorhiza fuchsii, which has hard tegument; the same paper reports the use of sodium hypochlorite for integument clarification in Vanda curvifolia, wich has dark seeds, enabling better tetrazolium color visualization. Salazar-Mercado (2012) points out that the use of 1.0% sodium hypochlorite was important to tegument scarification in Cattleya mendelli, which allowed better tetrazolium salt penetration, the same being true for Thelymitra pauciflora and Prasophyllum pruinosum (Dowling and Jusaitis, 2012) . Ideally, tetrazolium solution pH should be between 6 and 8, which fundamentally depends on the water quality used in its preparation. However, even solutions prepared with distilled water are acid, having lower pH than recommended. Accordingly, embryo staining occurs inappropriately, causing seed viability misinterpretation. This problem can be avoided by using a phosphate buffer solution to prepare tetrazolium, which ensures the pH maintenance within the acceptable range (Dübbern de Souza, 1994; Salazar-Mercado, 2012) .
Therefore, in addition to preconditioning, there are some critical parameters for obtaining reliable results about seed quality: the tetrazolium solution concentration, the exposure time to tetrazolium, the pH solution and the proper evaluation of seed coloration.
This study aimed to verify the efficiency of different preconditioning methods, the influence of buffered solution, of concentration and exposure time to tetrazolium solution in assessing the quality of orchid seeds lots.
Results and Discussion
Cattleya tigrina presented a total seed germination of 94.6% with 9.75 ± 0.65 GVI, while Cattleya labiata had 35.9% germination with of 2.51 ± 0.41 GVI (Figure 2 ). Data shows that C. labiata seeds had low viability. Figure 3 reveals that C. labiata seeds took longer to germinate and, on the seventh day, many seeds had not germinated, showing undeveloped protocorm compared to C. tigrina, which had already grown up in the third week, some of them having rhizoids as featured in figure 3 .
Regarding preconditioning needs of C. labiata and C. tigrina seeds, the use of 10% glucose or 10% sucrose solution provided the best results for tetrazolium test, differing from the other treatments. For C. tigrina the absence of preconditioning showed the worse viability. For C. labiata, which had low viability, the use of water and the absence of preconditioning were not statistically different (Table 1) . According to Dübbern Souza (1994) , the use of buffer would be needed to maintain the optimal pH range for the testbetween 6.0 and 8.0 -since the use of acid water may cause misinterpretation of seed viability. However, according to Table 1 , which compares the use of distilled water and phosphate buffer solution for tetrazolium dilution, it was determined that there were no significant differences in all preconditioning treatments. For Soares et al. (2014) using 0.5% tetrazolium buffered solution was better to evaluate Cattleya labiata (autumnalis x f. alba) and the use of 0.125% aqueous solution was the most suitable for Brassavola tuberculata, Cattleya labiata f. amoena and Dendrobium antenatum. However, it is important to emphasize that, in the experiments of Lallana and García (2013) , Macedo et al. (2014) and Soares et al. (2014) seeds were incubated at room temperature unlike the work of Hosomi et al. (2011 Hosomi et al. ( , 2012 and Custódio et al. (2016) In the evaluation of optimal tetrazolium concentration, it was verified that the higher the salt concentration, the better detection of the seeds viability (Figure 4) . Tests using 1.0% tetrazolium solution detected the great viability values: 79% for C. tigrina and 37% for C. labiata. These data support the work of Hosomi et al. (2011) , which also indicates this concentration as the best. Regarding seeds exposure time to tetrazolium solution, it was realized that immersion for 24 hours enabled the detection of the best viability values for the two species analyzed -80% for C. tigrina and 45% for C. labiata -which are significant results concerning other time intervals (Figure 4) .
The interaction between preconditioning and concentration of tetrazolium solution for C. labiata seeds showed that the higher the concentration of tetrazolium solution, the greater detection of viability ( Figure 5-I) . However, statistically, only preconditioning in 10% sucrose solution followed by the use of 1.0% tetrazolium showed significant differences compared to other conditions. Regarding seeds exposure time to tetrazolium solution, 24h period allowed the detection of the best significant viability values for all preconditioning treatments, followed by exposure for 12 hours (Figure 5-II) . Cattleya labiata and Cattleya tigrina seed viability (%), under different concentrations of tetrazolium solution and different exposure times. Means followed by the same letter do not differ on the same seed lot, by Tukey test at 5% probability.
Fig 5.
Cattleya labiata seed viability (%) under four different preconditioning conditions; I-seed viability at different concentrations of tetrazolium solution; II-seed viability at different exposure times to tetrazolium solution. Means followed by the same letter do not differ in the same preconditioning treatment, by Tukey test at 5% probability.
Fig 6.
Cattleya tigrina seed viability (%) under four different preconditioning conditions; I-seed viability at different concentrations of tetrazolium solution; II-seed viability at different exposure times to tetrazolium solution. Means followed by the same letter do not differ in the same treatment preconditioning, by Tukey test at 5% probability. Cattleya labiata (I) and Cattleya tigrina (II) seed viability (%) under different concentrations of tetrazolium solution, at different times of exposure. Means followed by the same letter do not differ at the same concentration of tetrazolium solution, by Tukey test at 5% probability.
Fig 8.
Cattleya labiata seeds subjected to tetrazolium test under different conditions of preconditioning, concentrations of tetrazolium salt, exposure times to tetrazolium solution and buffer solution use for tetrazolium salt dilution. I -Seeds without preconditioning, submitted to 0.1% tetrazolium solution for 3 hours; II -Seeds preconditioned in water, submitted to 1.0% tetrazolium solution for 24 hours; III -Seeds preconditioned in 10% glucose solution, submitted to 1.0% tetrazolium solution for 24 hours; IV -Seeds preconditioned in 10% sucrose solution, submitted to 1.0% tetrazolium buffered solution for 24 hours.
For C. tigrina seeds, the analysis of the interaction between preconditioning and concentration of the tetrazolium solution showed the same behavior: for all types of preconditioning performed, using 1.0% tetrazolium solution was statistically better, followed by concentration of 0.5%. Beyond that, for seeds without preconditioning (control), viability values were smaller, and the 0.1% tetrazolium solution showed better results than 0.5% (Figure 6-I) . Figure 6 -II shows the results from the interaction between type of preconditioning and seeds exposure time to tetrazolium solution. The use of 10% sucrose or glucose solutions presented similar results: the detection of viability was highest in seeds soaked for 24 hours, followed by 12 hours. Control has shown that as well as C. labiata, C. tigrina had the lowest viability values in all exposure times to tetrazolium solution.
The analysis of the interaction between tetrazolium concentration and exposure time of C. labiata seeds to the tetrazolium solution (Figure 7 -I) has shown that the higher the concentration of tetrazolium solution and the exposure time to it, the better detection of seeds viability. For values of 0.1%, 0.5% and 1.0%, 24 hours of exposure time had more significant differences (Figure 7-I) .
For C. tigrina (Figure 7-II) , 0.1%, 0.5% and 1.0% concentrations showed similar results, and 3 hours of exposure provided the lowest viability values, followed by 12 hours and 24 hours, which provided the best statistical results. For seed soaked in tetrazolium solution for 24 hours, the best results were obtained with the use of 1.0% solution. However, under these conditions, soaking in 0.1% tetrazolium solution showed a higher elevation than in 0.5% solution. Triticale seeds (x Triticosecale Wittmack) -a hybrid between wheat (Triticum aestivum) and rye (Secale cereale) -embedded between papers soaked in 1.0% tetrazolium solution, for 18 hours, at 40°C, also showed better results when compared to lower concentrations of tetrazolium salt (Souza et al., 2010) . For Soares et al. (2014) , the use of high concentrations of tetrazolium salt may provide a reverse response to the test, due to morphological characteristics of the seeds and their small size. This is because, in this situation, instead of tetrazolium solution infiltrate seed tissue, seed loses water to the solution, complicating the viability identification. In this study, considering that seeds had undergone preconditioning in 10% sucrose or glucose solutions, this water loss should not have occurred, allowing better reaction between higher concentrations of salt and embryonic tissues. Preconditioning in 10% sucrose or glucose solution, the use of 1.0% tetrazolium solution and seeds exposure to tetrazolium for 24 hours are critical to improve the color of the seeds and minimize analysis errors. According to Arditti (1992) and Pridgeon et al. (1999) , tetrazolium solution infiltration into orchid seeds can be difficult because their surface is generally provided with ornaments that facilitate dispersal, but difficult soaking. Thus, preconditioning would be important to allow a longer contact of seeds with sucrose solution, favoring water gain and the activation of respiratory chain enzymes in the embryo, before seed exposure to tetrazolium solution (Custódio et al., 2016) . Lallana and Garcia (2013) indicate that for Trichocentrum jonesianum orchid seeds, preconditioning in water would be enough to improve the results of tetrazolium test. Figure 8 shows that seeds tested without preconditioning exhibit a fainter coloration, hampering test reading. Seeds preconditioned in sugar solution -either glucose or sucrose -and exposed for 24 hours to 1.0% tetrazolium solution exhibited easily detectable staining, facilitating determination of viable seeds. In line with Hosomi et al. (2012) , preconditioning in 10% sucrose solution allowed to establish a high correlation between the results obtained in tetrazolium test and germination test of Cattleya orchid seeds. Regarding the type of sugar used in preconditioning, these data do not indicate significant differences between glucose and sucrose. However, as an economic issue and ease of obtainment, it is recommended the use of sucrose.
Materials and methods

Seed material
Cattleya tigrina and Cattleya labiata fruits were collected at Aurora Orchid House, located in Taciba (São Paulo, Brazil) on 06/06/2009 and 23/05/2010, respectively. After collected, fruits were placed in paper envelopes and kept at room temperature until dehiscence. After dehiscence, seeds were cleaned and stored in paper envelope over silica gel, at 4 °C, at 4.5% relative humidity (Brazil, 2009) . After, seeds were placed in microtubes, which were kept in glass jars containing silica gel, sealed airtight and stored at -18 °C until the experiments begun. They were stored for 24 and 13 months, respectively, at 4.5% relative humidity and -18 °C.
Germination test
Germination test was carried out in MS medium added with sucrose (20 g.L -1 ) and agar (6 g.L -1 ). The pH was adjusted to 5.6 with NaOH and the culture media autoclaved for subsequent distribution into 60 mm Petri dishes. Prior to sowing, 20 mg of each seed batch were disinfected with 5 g.L -1 sodium dichloroisocyanurate for 10 minutes, and the addition of a few drops of Tween 80, inside syringes, at laminar flow cabinet Custódio, 2005) . After this procedure, seeds were washed two times with autoclaved distilled water and then 1.0 mL of seed solution was dripped in each Petri dish. Afterwards the dishes were wrapped with plastic film and transferred to a growth chamber at temperature 25 ± 3 °C, with 16 hours photoperiod, for about 50 days.
Germination counting was scored in three fields in each plate, which were photographed with a Sony DSC-P10 digital camera, manually coupled to the stereoscopic microscope ocular lenses. All fields were photographed every seven days, kept in the same position. Images were analyzed on the computer and modified, when necessary, using the Adobe Photoshop® software CC 2015 through image magnification tools, contrast and brightness setting. Seeds that had expanded embryos and green cell mass (stage 1) were considered germinated according to Seaton and Hailes (1989) . For each seed lot, three Petri dishes were sown, with three count fields in each one. The viability of orchid seeds, checked by tetrazolium test and germination rate was expressed as a percentage.
Tetrazolium test
For tetrazolium test, treatments were arranged in a factorial 4x3x3x2 for each seed lot. It was used two lots of seeds (Cattleya tigrina and Cattleya labiata); four ways preconditioning: (i) samples without preconditioning, (ii) samples with preconditioning in sucrose 10% solution, (iii) samples with preconditioning in glucose 10% solution and (iv) samples with preconditioning water; three periods of seed exposure to tetrazolium solution (3, 12 and 24 hours) at three concentrations of tetrazolium salt (0.1; 0.5 and 1.0%) and two dilutions of tetrazolium salt -in water and in phosphate buffer solution. The buffer was prepared according to Dübbern de Souza (1994) .
A precision scale (0.00001g) was used to weigh up about 20 mg of each seed sample (C. tigrina and C. labiata). Seeds were immediately transferred to 1.5 mL microtubes and submitted to the different preconditioning procedures. Seed preconditioning was accomplished by adding 1.5 mL of water or 1.5 ml of 10% sucrose solution or 1.5 ml of 10% glucose solution to the microtubes for 24 hours at room temperature. After this period, the solutions were removed with Pasteur pipettes and the seeds were washed twice with distilled water. 1.5 ml of tetrazolium solution, in different concentrations, was added to the microtubes, which were placed in water bath, in the dark, at 40 °C, for the determined times. After incubation, microtubes were conserved in refrigerator to later enable image capturing on flatbed scanner and seed counting. Seed viability evaluation was based on capture and expansion of scanned images. After incubation period, 1.0 ml of each sample was discarded and the remaining was dripped on a glass slide. Scanning and image capture were performed on HP Scanjet G2710 flatbed scanner with 3200 dpi resolution. Seed counting was carried out on computer screen and modified, when necessary, through image magnification tools and treatment of contrast and brightness with common image software. Seeds carrying red colored embryos were considered viable.
Detailed view of orchid seeds depends on the use of magnifying instruments, given its small size. Once the instruments for this purpose are expensive and difficult to access for most nurseries and small laboratories, the alternative found was image digitalization of seeds submitted to tetrazolium test (Figure 1) , as indicated by Hosomi et al. (2011) . Red or pink colored seeds were considered viable and white seeds were considered dead. The use of scanned images allows image documentation into digital files and simultaneous interpretation by more than one analyst, at laboratories located in different parts of the world .
Statistical analysis
Orchid seed viability was expressed as a percentage. Germination Velocity Index (GVI) for each seed lot tested was calculated by using a modification of Maguire (1962) + ⋯ . + where G1 to Gn were the seeds germinated in each of the counting periods and n1 to ni were the number of days in each counting period. The design was completely randomized and the means comparison was made by Tukey test at 5% probability. Data analysis was performed by SISVAR® program (Ferreira, 2014) .
Conclusion
Tetrazolium test results for orchid seed preconditioned in 10% glucose solution or 10% sucrose solution proved to be suitable for better identification of viable seeds. The use of buffer in the dilution of tetrazolium salt showed no significant difference in relation to dilution in water. The higher viability values were detected for both seed lots when they were tested with 1.0% tetrazolium solution for 24 hours.
